Objectives-Patients with serious mental illness are living longer. Yet there remain few studies that focus on health care utilization and its relationship to comorbidities in these elderly mentally ill patients.
Until recently most of these studies have focused on relatively younger patients with serious mental illness, a presumption being that because of the magnitude of mortality differences estimated as leading to a 13 to 30 year shortened life expectancy, few of these patients would survive until old age (1) .
However, there is now evidence that the numbers of these elderly mentally ill survivors is increasing, a trend that is likely to continue in the coming decades. A number of recent studies have suggested that these elderly survivors are now facing aging associated health problems in addition to their mental illness including cognitive decline (15, 16, (18) (19) (20) (21) (22) (23) (24) . One study reported that the greatest expenditures of Medicare/Medicaid were in elderly patients with schizophrenia primarily due to nursing home costs (25) . This paper describes the results of an analysis of the comorbidity levels and health care utilization of a group of elderly patients with lifelong serious mental illness attending a community mental health center by comparing them with a group of elderly primary care patients without serious mental illness attending the same hospital. This analysis was conducted as part of a project designed to improve a system of integrated medical care for these patients. As dementia management is a separate program in this health system, patients with a diagnosis of dementia were excluded from this analysis.
Methods

Facilities
The patients for this study were all attendees of Wishard Health Services. Wishard Health Services is an urban health care system with a 350-bed inpatient service as well as eight community-based primary care practice centers staffed by faculty and residents of Indiana University School of Medicine. It has a senior care center which functions both as a specialty geriatric referral clinic and as a primary care clinic for selected patients. It also has an array of specialty clinics. Additionally, Wishard Health Services includes a large community mental health center, the Midtown Community Mental Health Center. Older adults with mental illnesses are seen primarily in the Older Adult Services division (OAS) of the Midtown Community Mental Health Center, a multidisciplinary clinic staffed by caseworkers, social workers, clinical nurse specialists, and pharmacists in addition to geriatric psychiatrists.
Subjects
We identified two groups of patients in this study 1) older adults with a history of life long serious mental illness attending OAS and 2) older adults without serious mental illness attending the primary care practices at Wishard Health Services.
Patients with serious mental illness-The seriously mentally ill group included patients with schizophrenia, bipolar illness, and severe recurrent depression identified by the OAS faculty (DL, DH) because they met the following criteria:
1. Over the age of 65 years 2. Evidence that the mental illness began in early adult life
No diagnosis of dementia.
A total of 339 patients met these criteria. Because the comparative group consisted of patients attending Wishard primary care clinics, we decided to include in this study only the 255 (75.2%) mentally ill patients who also attended Wishard ambulatory care clinics during either of the years 2008 and 2009. This included 119 (46.7%) patients diagnosed with severe chronic depression, 36 (14.1%) diagnosed with bipolar disorder, and 100 (39.2%) diagnosed with schizophrenia. There were no significant differences in diagnoses between those patients attending or not attending the Wishard clinics (p=0.1954) but the non-attendees were significantly older (mean age: 74.8 vs. 72.8 years; p=0.0375).
Comparison Group-The comparison group consisted of a representative sample of elderly patients attending primary care at Wishard Health Services who were enrolled in the Perceptions Regarding Investigational Screening in Primary Care (PRISM) study from January 2008 to June 2009, a study of the perceptions of the risks and benefits of dementia screening in primary care patients (26) . Patients were eligible to participate in PRISM if they were 65 years or older and did not have a diagnosis of dementia or serious mental illness.
Despite the exclusion criteria, the PRISM population of 554 patients included 2 patients each with an ICD-9 diagnosis of either schizophrenia or bipolar illness and 17 patients with an ICD-9 diagnosis of major depression. These were excluded from the comparison leaving 533 patients.
Data
All clinical data were obtained from the Regenstrief Medical Record System, a comprehensive electronic medical record data repository that maintains detailed coded information on all inpatient and outpatient encounters within the Wishard Health Service (27) . This information includes physician assisted diagnoses, results of diagnostic studies (e.g. chemistry, hematology, pathology, radiology, echocardiograms) physician orders, prescribed medications, and clinical encounter information including the full text of dictated reports. The electronic medical record was also queried to obtain age as of January 1, 2010, gender, race, marital status, current insurance, smoking history, and a history of substance abuse or alcoholism. Health care utilization was derived for the year 2009. It included number of visits to primary care (PC) clinics in addition to emergency room (ER) visits. Information about hospitalizations for both medical and psychiatric issues included length of stay (LOS) and readmissions within 30 days of prior discharge. To identify existing medical conditions, comorbidities were derived from a combination of clinician problem lists and ICD-9 codes. Comorbidities included diabetes, hypertension, falls, congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD), arthritis, cancer, coronary artery disease (CAD), liver disease, renal disease, stroke, and thyroid disease, including hyper and hypo-thyroidism. The final comorbidity comparison used a combination of all-time ICD-9 codes and problem lists.
Analysis
Descriptive statistics including means, standard deviations, and ranges for continuous variables and number and percent in each category for categorical variables were calculated for all characteristics in each group. T-tests for continuous data and chi-square tests for categorical data were used to compare the seriously mentally ill and primary care control groups on patient characteristics and compare the seriously mentally ill patients included in this analysis and those not included because they did not make a visit to a Wishard primary care clinic. Multiple logistic regression models were used to compare rates of comorbidities between the seriously mentally ill and primary care control patients each while adjusting for age and gender. Multiple logistic regression models were also used to compare rates of attending primary care clinic, having at least one ER visit, having at least one medical hospitalization and 30-day re-hospitalization following a hospital discharge between the seriously mentally ill and primary care control patients while adjusting for age and gender. Multiple Poisson regression models were used for comparing the two groups on the number of primary care visits in 2009, the total number of comorbidities and total year-long length of stay for medical hospitalizations after adjusting for age and gender. A multiple Poisson regression model with generalized estimating equations to account for multiple hospitalizations per subject was used to compare the groups on the length of stay per hospitalization after adjusting for age and gender. A Fisher's exact test was used to compare the groups on having psychiatric hospitalizations and race.
Logistic regression models were used to identify covariates to include in multiple regression models on having emergency rooms visits and medical hospitalizations. Variables with pvalues ≤ 0.15 were included in multiple logistic regression models with indicator variables for the group and having primary care visits in 2009. Stepwise model-fitting strategies were used to identify a final parsimonious model. Using the final model, an interaction between the group and having primary care visits in 2009 was explored but removed if not significant at the alpha=0.05 level.
All analyses were repeated after separating the mentally ill cohort into the three types of illnesses the patients suffered from and comparing each of them against the primary control patients. Analysis was performed using SAS version 9.3.
Results
The comparisons of patient characteristics in the two groups are shown in Table 1 . The seriously mentally ill patients were significantly younger than the primary care control patients, more likely to be female, less likely to be African American, more likely to be single or divorced, more likely to have Medicaid and more likely to have a history for substance and alcohol abuse (p<0.05 for all).
A comparison of the comorbidity profile is shown in table 2. The comorbidity rates were very similar between the two groups after adjusting for age and gender. The seriously mentally ill patients had significantly lower rates of hypertension but significantly higher rates of falls (p<0.0001 for both). The average number of comorbidities were similar for the two groups (seriously mentally ill (mean ± SD): 3.9 ± 2.2, median 4; primary care controls: 4.1 ± 1.9; median 4; adjusted p-value=0.4634).
The facility use comparison of the two groups for the year 2009 is shown in Table 3 . The seriously mentally ill patients were significantly less likely to have attended primary care clinics than the primary care control patients, although for those patients who did attend, the seriously mentally ill patients attended more frequently (p=0.0003).
Significantly more seriously mentally ill patients had visits to the emergency room and had medical hospitalizations than did the primary care control patients (p<0.05 for both). In addition, the seriously mentally ill patients had longer lengths of stay per year and per hospitalization than did the primary care control patients (p<0.01 for both). Finally, the seriously mentally ill patients had significantly more psychiatric hospitalizations than the primary care control patients, who had no psychiatric hospitalizations recorded (p<0.0001). The rate of psychiatric hospitalizations was less frequent than the medical hospitalizations. There was no difference between the groups on 30-day readmission for medical hospitalizations (p=0.6141).
In univariate logistic regression models on the outcomes of having emergency rooms visits and medical hospitalizations, having attended a primary care clinic in 2009 and having a history of diabetes, hypertension, falls, CHF, COPD, arthritis, cancer, CAD, renal disease, and stroke were significantly associated with an emergency room visit (p<0.05 for all). In addition, not being Caucasian, having thyroid disease, having hyper and hypothyroidism, and being an alcoholic were also marginal risk factors for this outcome (0.05<p<0.15). For the outcome of having medical hospitalizations, the comorbidities of falling, CHF, COPF, cancer, CAD, renal disease, and stroke were significant risks (p<0.05) while diabetes, hypertension and substance abuse were marginal risks (0.05<p<0.15). Table 4 describes the results from the final multiple logistic regression models examining the differences between the seriously mentally ill and primary care control groups on emergency room visits and medical hospitalizations while adjusting for other significant covariates including demographics, marital status. and comorbidities. The seriously mentally ill patients were significantly more likely to have an emergency room visit (p=0.0002) after adjusting for covariates including having a primary care visit in 2009, being non-Caucasian (primarily African-American), having a history of falls, congestive heart failure, chronic obstructive pulmonary disease, and stroke. There was no significant interaction between the group and having attended a primary care clinic in 2009 (p=0.9553). Adding Medicaid status to the final model did not change the association as the seriously mentally ill patients were still significantly more likely to have an emergency room visit (OR=1.55, 95% CI: 1.08-2.22, p=0.0173).
In the second model shown in table 4, again seriously mentally ill patients were significantly more likely to have medical hospitalizations in 2009 (p=0.0178) after adjusting for other covariates, but having a primary care visit in 2009 was not associated with medical hospitalization (p=0.9133). However, having congestive heart failure, COPD, cancer, CAD, renal disease and substance abuse all increased the likelihood of a hospitalization (p<0.05 for all). An interaction between the group and having attended a primary care clinic in 2009 was investigated but was not significant (p=0.2974). After adding Medicaid status to the final model for medical hospitalizations the seriously mentally ill patients and the primary care control patients were no longer significantly different (OR=1.27, 95% CI: 0.83-1.94, p=0.2658). Comparisons were also made between each of the three illness groups (bipolar illness (n=36), recurrent major depressive disorder (n=119), schizophrenia (n=100)) and the primary care controls. Schizophrenic patients tended to be more often African American than the bipolar and depressed patients, but comparable to the primary care patients. Schizophrenic patients were more likely to be single than the other groups. The four patient groups were not different in rates of diabetes, COPD, cancer, liver disease, or renal disease.
However, all three mental illness groups had lower rates of hypertension and higher rates of falls. Patients with major depressive disorder had higher comorbidity in congestive heart failure, arthritis, coronary artery disease, and stroke compared to the other mentally ill patients.
With regard to facility use a similar pattern was observed between the three illness groups and the primary care controls as described above for the seriously mentally ill. All three mental illness groups were less likely to attend primary care clinics and more likely to have ER visits than the primary care controls. All illness groups had greater numbers of hospitalizations and lengths of stay than did the primary care controls.
In the final multiple logistic regression models adjusting for other significant comorbidities as described above for the seriously mentally ill, odds ratios for ER visits were similar in the three mental illness groups compared to primary care patients (OR=1.98 for bipolar patients, p=0.085; OR=1.89 for depression, p=0.0054; and OR=1.91 for schizophrenia, p=0.0095). The odds ratios comparing each of the three mental illness groups to primary care patients for medical hospitalizations were: bipolar patients-2.10 (p=0.085), depression-1.46 (p=0.15) and schizophrenia-1.74 (p=0.070).
The complete tables for the mental illness analyses are available on the journal's web site.
Conclusions
In this analysis, diagnoses of substance abuse and alcoholism were more frequent in the seriously mentally ill patients (OAS) than in the primary care control group (PRISM) as has been reported in other studies (28) (29) (30) . However the frequencies of most comorbid medical conditions including such chronic conditions as diabetes and hypertension for the seriously mentally ill patients (OAS), although high, were similar to those in our comparative group of medical outpatient attendees (PRISM). In fact, the hypertension frequency was significantly lower in OAS patients than in the control group (OAS hypertension 83.1%, PRISM hypertension 93.4%). This is in stark contrast to the current literature among younger patients which suggests that the prevalence of several comorbid medical conditions, including obesity, diabetes, and symptoms of cardiovascular disease and respiratory disease, is at least two times higher in seriously mentally ill patients than the general population (1, 31, 32) . These findings might support the concept that these elderly mentally ill patients do represent a survivor cohort, the excess of comorbidities identified in the younger groups being partially responsible for their greater mortality risk. The clinical data represent information recorded by the physicians. It is possible that higher levels of comorbidity did exist in the seriously mentally ill patients but that they were under-identified by the attending physicians because information from caregivers is often lacking and these patients are difficult to evaluate. Antipsychotic medication has been associated with hypotension through its alpha-blocking properties (33, 34) . As the seriously mentally ill were more likely to be receiving these medications it is possible that this accounts for some of the differences between the groups. The finding that falls were significantly more common in the seriously mentally ill (OAS 32.2%, PRISM 18.6%, p<0.0001) also suggests that this survivor cohort of mentally ill patients will now have to face the consequences of aging, such as falls, which represent a major contributor to morbidity in the elderly (35) and indeed may be particularly vulnerable to them (36) (37) (38) . Even after adjusting for demographics and comorbidities including alcohol use and substance abuse, the seriously mentally ill group was significantly likely to experience falls (OR 2.16, CI 1.52-3.08, p<0.002). The other major contributor to morbidity and mortality in the elderly, dementia, was not included in this study. When the comorbidity comparisons involve the three seriously mentally ill diagnostic groups separately (bipolar illness, schizophrenia and major depressive disorder) all three groups have lower rates of hypertension and higher rates of falls than the primary care controls. Within the mental illness diagnostic groups patients with major depressive disorders had higher rates of congestive heart failure, coronary artery disease and stroke than did the other two groups (10) .
The analysis of medical health care utilization is also consistent with the concept of continuing vulnerability even in this elderly survivor cohort. In our study, the seriously mentally ill patients from the mental health clinic attended primary care clinics significantly less often than did our comparison group. The seriously mentally ill patients did have significantly more medical emergency clinic visits (OAS 49.0%, PRISM 37.7%, p=0.0027) as well as more hospitalizations and longer hospital lengths of stay than did the primary care comparison group (OAS 3.1±9.6, PRISM 1.3±4.3, p<0.0001). In contrast to the hospitalizations for medical reasons (23.9%), hospitalizations to psychiatric wards were much less frequent for the seriously mentally ill patients (5.9%) and no psychiatric hospitalization was recorded for the comparison group.
When models to examine the association between medical emergency room visits are considered, the presence of medical comorbidities such as CHF, COPD, stroke, and hypertension increase their likelihood, but as there was no difference in frequency between the seriously mentally ill and non-mentally ill, this was unlikely to be a major contributor to the group differences. It is noteworthy that falls which did occur significantly more frequently in the mentally ill also increased the likelihood of emergency room care. It was surprising that attendance at a primary care clinic was associated with increased likelihood of emergency visits but this may reflect the possibility that entrance to a primary care clinic is sometimes precipitated by an emergency room visit for the mentally ill. Even when all these factors are considered, however, being chronically mentally ill was associated with an increased number of emergency room visits as is found in younger patients (39) .
Similarly, in the model for medical hospitalization, comorbidities such as CHF, COPD, cancer, CAD and renal disease significantly increased the likelihood of hospitalization but did not differ between study groups. Substance abuse, which was more common in the mentally ill, also significantly increased hospitalization. However, even when all of these factors are considered, chronic mental illness increased the length of medical hospitalization as has previously been noted in younger populations (40) . It is possible that a combination of factors not entirely captured in this study such as residual psychiatric symptoms, cognitive decline, use of psychotropic medication and physician discomfort in dealing with the mentally ill account for the differences in both medical hospitalizations and emergency room visits (1, 40) . It may also be a function of the accompanying socioeconomic circumstances of the seriously mentally ill involving their living arrangements and lack of social support. Medicaid status could be used as a surrogate for socioeconomic status. When Medicaid is added to the model the difference between the two groups for medical hospitalizations is no longer significant. However the differences between the two groups for emergency room visits remained significant. This supports the concept that socioeconomic status could explain at least some of the increased use of medical facilities in the seriously mentally ill. There remains, however, the likelihood that socioeconomic status is itself affected by having a serious mental illness (41) . The pattern of facility use was similar for all three mental illness diagnostic groups when compared to primary care controls as described for the combined seriously mentally ill cohort.
There are as yet few studies focusing exclusively on the aging mentally ill. However the longitudinal studies of Jeste and his colleagues with chronic schizophrenic patients suggest that the aging process may differ in the mentally ill with accelerated physical aging but improved psychosocial functioning including diminished psychotic symptoms (42) . Similar findings have been reported for elderly patients with bipolar illnesses (43) . This latter phenomenon may explain our finding of relatively low rates of psychiatric hospitalization in our elderly mentally ill patients compared to the younger group. More comprehensive longitudinal evaluations of the elderly mentally ill which include their possible transition to dementia and assessment of their health care utilization and nursing home use are indicated to assess the extent of their continuing vulnerability and its potential public health impact.
The strength of this study is that it focuses exclusively on the elderly seriously mentally ill and uses a data set that is a complete and accurate reflection of all medical care provided to all patients in our study within the targeted health care system. Another strength is the ability to compare older adults with and without lifelong serious mental illness using data from an electronic system common to both groups.
There are some weaknesses in this analysis. The comparison group was drawn from patients attending primary care clinics so it may not be a representative sample of all non-mentally ill elderly patients. Although the PRISM sample did not differ from the remainder of the primary care patients demographically, they were volunteers. While an attempt was made to exclude patients with dementia, it is possible that the cohorts included patients with less severe forms of cognitive impairment such as mild cognitive impairment or even cases of unrecognized dementia. The analysis of health care utilization was conducted over a relatively short period of time (one year). There was no information on about 25% (84) of the OAS patients who did not attend the Wishard facilities. Although they did not differ in diagnostic categories from those included in the study, they were significantly older. It is possible comorbidity levels were higher in these patients. Psychotropic medication use was not included. Information on the living arrangements and the availability of social support was limited. This analysis was also confined to patients attending a health system which administers both the mental health and health components of care, perhaps reducing the generalizability of these results.
In summary, in this analysis of the elderly seriously mentally ill, the similarity of the comorbidity profiles for chronic illnesses do suggest that they represent a survivor cohort. However, the increased likelihood of falls together with the significantly greater number of emergency room visits and length of hospitalization also suggest that they represent a vulnerable elderly population that deserve more intensive studies leading hopefully to a better integrated model of medical and psychiatric care including consideration of psychosocial factors (15) . Table 1 Baseline Characteristics of the Two Groups 
